The thermal diffusion factors observed for these systems vary considerably with concentration, and frequently show a change in sign at some concentration. New data on ethanol-toluene mixtures show that the sign and magnitude of the separation of the components in a thermal gradient are also strongly dependent on the mean temperature of the system. These observations, together with earlier ones on similar systems, can be given a semi-quantitative interpretation in terms of a shift in the average degree of association of the alcohol along the temperature gradient.
The de-m ixing of a b in a ry solution in a tem pera ture grad ien t in the absence of convective re-m ixing is expressed either in term s of the Soret coefficient a, or of the therm al diffusion facto r a. These are de fined by Eq. (1 ).
1 grad In a = oT -N2 grad ln T
(1 )
N1 and N2 are the m olar fractio n s of the two com ponents. In this paper, com ponent 2 refers to the alcohol. T he experim ental q u an tity is the ratio g rad N t /g ra d T which, for a given value of a, is a m axim um at N1 = N2 = 0.5. a is com paratively sm all, usually between 0.3 and 3.0, and, even in favourable circum stances, is not easy to m easure precisely. The com paratively sm all concentration changes due to therm al diffusion are easily m asked by convective re-m ixing especially in non-aqueous solutions *. T he experim ental difficulties are p a rti cularly acute w hen either or N2 is large. In this w ork we have used an optical technique 1-3 for m ea su ring refractive index gradients in a horizontal liquid film less than 1 mm thick. T he film is en closed between m etal blocks (F ig. 1 ). F o r technical reasons, a double cell is used, one side containing solvent and the other the solution. The narro w gap between the u pper and low er b o u nding surfaces m inim ises convection, and gives a large tem peratu re grad ien t (and hence high sensitivity) w ith a sm all tem perature interval ( < 1°) . W e have found this to be an essential requirem ent if m eaningful results are to be obtained from experim ents on m ixtures of alcohols w ith arom atic h y d rocarbons. T herm al diffusion factors calculated from early d ata on benzene-m ethanol m ix tu re s4 did not agree well except in respect of the conclusion th at a chang ed sign at a m olar fraction of benzene of about 0 .6 -0.7.
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A t low concentrations of benzene in m ethanol, the benzene (com ponent 1) m igrated to the cold w all, i. e., a as defined by Eq. (1) was negative in these solutions, becom ing positive w hen A^1> 0 .7 . M ore accurate w ork 2' 5> 6 has since confirm ed this, the best estim ate of the com position at which a = 0 b eing = 0.6 7 when the m ean tem p eratu re Tm = 25°. D iscrepancies in the earlier results w ere p ro b ab ly due to problem s w ith convection and to the use of rath e r large tem perature intervals. A si m ilar reversal in the sign of a, occu rrin g at low er benzene concentrations (a = 0 w hen ^^0 . 3 2 ) has been o b se rv e d 2 fo r benzene-ethanol m ixtures ( r m = 2 5°) , and F ig. 2 show s the experim ental values of a fo r this system and the benzene-m ethanol one at this m ean tem perature. T he shape of the curve is p artly dependent upon the therm odynam ic b eh av io u r of the solutions, since a steady state th erm odynam ic treatm ent show s that the heat of tra n sp o rt (@2*) °f com ponent 2 is re lated to the therm al diffusion facto r a by E q. ( 2 ).
ft J ./Vj (1 + 3 In /;/3 ln Ni) T, P ' K '
T he activity coefficient of com ponent i on the mole fractio n scale is denoted by / j , and E q. (3) applies.
W hen a b in a ry system approaches a consolute point a t which sep aratio n into two phases takes place (1 + 3 In fi/d In N{) t, p approaches zero, an d if Q2* r e m a in s finite, a tends to infinity. T his is the reason fo r the very steep increase in a found n ea r Nx = 0 .8 fo r benzene-m ethanol m ixtures, a phenom enon not seen fo r the benzene-ethanol sys tem . The plots of Qo*/^i ag ain st com position for these two system s ( Fig. 3 ) are how ever ra th e r sim i lar, ap a rt from the difference in com position at which a = 0. The system carb o n tetrachloride-m ethanol was studied by T u r n e r and S t o r y 6, th e ir re sults being also show n in F igs. 2 and 3. The inert diluent (carb o n tetrachloride) m ig rated to the cold wall in all cases though the sep aratio n decreased m arkedly and becam e alm ost negligible fo r dilute solutions of m ethanol in carb o n tetrachloride. The algebraic m inim um in a at a carb o n tetrachloride m olar fractio n of ~0 .6 5 was again due to the in fluence of the therm odynam ic term , an d is not a p p aren t in the plot of show n fo r this system in F ig u re 3. These differences can be predicted qualitatively from the observed differences in the excess th erm o dynam ic fu n c tio n s7. In dilute solutions of ethanol and m ethanol in benzene the excess en tro p y (sE) is initially positive, rises to a m axim um , falls to zero and then becomes negative as the alcohol concenration increases.
T sE becom es zero at low er benzene co n cen tra tions for benzene-ethanol m ixtures (at 45 °C ) than fo r benzene-m ethanol m ixtures (at 3 5°) . A t all ac cessible concentrations, T sE is negative fo r the c a r bon tetrachloride-m ethanol system (at 35 ) . The positive values found fo r T sE in the m ixtures of alcohols w ith benzene can be attrib u ted to the b rea k dow n of the associated alcohol species when placed in a large excess of benzene. T his breakdow n occurs m ore readily in ethanol than in m ethanol, and b en zene is m ore effective at causing this breakdow n when added to m ethanol than is carbon tetrachloride. It w ould be expected that T sE should become po si tive fo r carbon tetrachloride-m ethanol m ixtures when the m ethanol is sufficiently dilute, but this m ust co rrespond to a concentration region w here success ful experim ents have not been carried out. W hen alcohol is in excess, all three system s reviewed above show sim ilar behaviour in a therm al gradient, the diluent species m oving to the cold wall (a nega tive) . T his b ehaviour could be taken as characteris tic of either benzene or carb o n tetrachloride diffus ing in an associated solvent. A t high concentrations of benzene, the benzene goes to the hot wall, and this was interpreted 2 as behaviour characteristic of m onom eric alcohol m olecules m oving in a diluent. T his m odel enabled us to predict from the know n excess entropies th a t the sign reversal for a should occur at low er benzene concentrations in benzeneethanol than in benzene-m ethanol m ixtures, a view confirm ed by la ter experim ent. It is also consistent w ith the fact that a becom es less negative w ith in creasing carbon tetrachloride concentration in m ix tu res of carbon tetrachloride and m ethanol but does not becom e positive, if at all, until the m olar fra c tion of carbon tetrachloride exceeds 0.986.
T his explanation is not entirely correct as has now been show n b y the experim ents on tolueneethanol system s rep o rted below. The excess therm o d ynam ic functions fo r this system have been studied in detail 8 and are know n to be extrem ely tem perature-dependent. F o r dilute solutions of ethanol in toluene T sE is positive, but the position of the m axi m um , and the poin t at which T sE falls through zero to negative values, are very sensitive to tem perature. It w ould therefore be expected th at the therm al d if fusion factor a should also v ary rap id ly w ith tem p eratu re, and this has now been shown to be true. F ig u re 4 shows data, which are not yet fully con firm ed, at m ean tem peratures of 2 0°, 2 5° and 3 5°. The v ariatio n of a w ith tem perature in this system is so large that it is clear that m eaningful values of a can only be obtain ed w hen sm all tem p eratu re intervals are used, as in this w ork. At 2 0°, a is positive fo r all solutions studied, and no sign re versal occurred. A t all three tem p eratu re a m axi m um value of a was observed. T he co n cen tratio n of toluene at which the m axim um occurred decreased w ith tem p eratu re. A t 3 5°, a w as negative at low concentrations of toluene, becam e positive, read ied a m axim um and, in sufficiently h ig h concentrations of toluene, ag ain becam e negative. T his type of be hav io u r w ould be expected theo retically fo r a sy s tem in which a chemical reactio n takes place 9' 10.
Suppose th a t com ponent 2 can exist as m onom er (A) and a p o ly m er (Av) acco rd in g to the equilibrium vA^A , (4 ) and th at the en th alp y change in this process is AH. Such a system will n ot behave as a th erm o d y n am i cally ideal system , and it can be assum ed th at the observed deviations from id eality arises solely from the eq u ilib riu m ( 4 ) . T his is p ro b ab ly n ot a correct assum ption, b u t it sim plifies the theoretical tre a t m ent. Because of this association eq u ilib riu m , it can be s h o w n 10 th a t the therm al diffusion factor can be split into two p arts, nam ely.
(i) a " phy sical" p art, a Phy8. , which is a com plex fu nction of com position, diffusion coefficients and therm al diffusion coefficients, and (ii) a " chem ical" p art, a chem . T his involves the en thalpy change AH in reaction ( 4 ) . If x2 is the tru e m olar fractio n of m onom eric A, x2v th a t of the polym eric form , and xx th a t of the inert com po nent 1, then it can be show n th at _ _ za(l-Xd) AH_ I M H jjg -l) | /c\
Dvl is the b in a ry diffusion coefficient of Av in com ponent 1 (the " in e rt Hence, E q. (6) reduces to (v -b0) , a po si tive q u antity, both in excess diluent and excess A. Since b0 is norm ally g reater th a n 1, at interm ediate concentration, (& o(l ~ Xd) + Z d ) 1S also g reater th an 1. Hence,
< 4.(1 -« ) + « + s r (7)
The form ation of the polym eric species Av from m onom er m ust be exotherm ic (AH negative). Hence, from Eqs. (5) gen bond) and in such a case, aehem. = 2 . 5^( v -6 0)
where ß is a num erical facto r between 0 and 1. A ssume th at v = 3, and th at b0 = vi,t-1.7. T hen, a Ch e m .~3 ß .
O ur results fo r toluene-ethanol system s w here the m axim um positive co n trib u tio n of a chem. to a, p re dicted by Eq. ( 6 ), is observed, show th at the peak lies about 1.5 units above the values found at either end of the concentration scale, w here a phys-is the m ain co n trib u to r to a. In the circum stances this is reasonable agreem ent w ith the result in Eq. ( 9 ), and confirm s the view th at the v ariaito n of a w ith concentration in these system s is due largely to a chemical co ntribution. F o r benzene-ethanol and fo r benzene-m ethanol, the expected m axim um in a was not observed p resum ably because Xd ? the average degree of dissociation of the polym eric species, never reached the value 0.5 at the low est alcohol concentrations exam ined. In the latter case, the fact th at the system approached a critical solution tem p eratu re at Ar1~0 .8 m eant th at the resu ltin g sh arp fall in (1 + 3 In /;/3 In A'j) caused an increase in a which could m ask the p u rely chemical effect.
T he reason w hy the m axim um is ap p a ren tly seen in toluene-ethanol at 2 5° and n ot in benzene-ethanol at this tem perature is p ro b ab ly associated w ith the g reater ^-electron density in the toluene m olecule. T his m akes toluene m ore efficient th an benzene in b reak in g down the associated ethanol clusters. A b etter general criterio n th an the concen tratio n at which a = 0, of the ease w ith which h y d ro g en b o n d ed clusters can be broken dow n by a diluent, would be the concentration at which a reaches a m axim um . It will be seen that, in the ethanol-toluene system , this point falls at the highest toluene m ole fractio n fo r the lowest tem perature studied. T he hydrogenbonded clusters are th erefo re m ore stable at low th an at high tem perature as w ould be expected, and as is confirm ed by the change in the excess en tro p y curves w ith tem perature. Such m axim a in a should therefore fall in experim entally accessible concen tratio n ranges fo r system s like ethanol-benzene and m ethanol-benzene at sufficiently high tem peratures.
